To identify the effects of a brief educational intervention on stroke patients' recall and recognition of risk factors and performance of and stage of change for stroke risk-related behaviors. Methods: Sixty-six patients with stroke participated in a multisite randomized controlled trial. The intervention group (n = 35) received a brief education intervention (tailored written stroke information, verbal reinforcement of information for 3 months after discharge, and provision of a telephone number). The control group (n = 31) received usual care. Unprompted recall (personal and general), prompted recognition of risk factors (0-13), and performance of (0-10) and stage of change for up to 7 stroke risk-related behaviors were assessed before and 3 months after discharge. Results: No signifi cant between-group differences were found. For all participants over time, there were signifi cant improvements for personal (mean difference [MD], 0.3; 95% CI, 0.004-0.69; P = .05) and general (MD, 0.6; 95% CI, 0.09-1.16; P = .02) risk factor recall; performance of stroke risk-related behaviors (MD, 0.8; 95% CI, 0.28-1.26; P < .01); and progression from a nonaction to an action stage of change for 4 of 7 behaviors over time. There was a signifi cant decline in total risk factor recognition scores (MD, -0.8; 95% CI, 0.39-1.13; P < .01). Conclusion: Stroke patients' unprompted recall of risk factors and performance of risk-related behaviors improved over time; readiness to change risk-related behaviors progressed for some behaviors. A brief educational intervention did not improve risk factor awareness or behavior change more than usual care. Key words: behavior, patient, randomized controlled trial, readiness to change, risk factor, stroke W ithin 5 years of their fi rst stroke, individuals are at high risk of stroke recurrence and death, with cumulative total risk estimates between 17% and 28% for stroke recurrence and between 32% and 65% for death. [1] [2] [3] Individuals can reduce their risk of secondary stroke by addressing the modifi able stroke risk factors through altering their lifestyle behaviors. 4, 5 However, poststroke management of risk factors is typically suboptimal. [6] [7] [8] [9] Information about secondary stroke prevention information is an important, but frequently neglected, part of the stroke information that should be routinely provided to patients and carers after stroke. [10] [11] [12] If patients are to undertake actions to modify their risk factors, they need to have an awareness of them. However, many individuals who have had a stroke have poor awareness of their risk factors. 13, 14 For example, in one study, 52% of patients with stroke undergoing rehabilitation were unable to name any stroke risk factors.
W ithin 5 years of their fi rst stroke, individuals are at high risk of stroke recurrence and death, with cumulative total risk estimates between 17% and 28% for stroke recurrence and between 32% and 65% for death. [1] [2] [3] Individuals can reduce their risk of secondary stroke by addressing the modifi able stroke risk factors through altering their lifestyle behaviors. 4, 5 However, poststroke management of risk factors is typically suboptimal. [6] [7] [8] [9] Information about secondary stroke prevention information is an important, but frequently neglected, part of the stroke information that should be routinely provided to patients and carers after stroke. [10] [11] [12] If patients are to undertake actions to modify their risk factors, they need to have an awareness of them. However, many individuals who have had a stroke have poor awareness of their risk factors. 13, 14 For example, in one study, 52% of patients with stroke undergoing rehabilitation were unable to name any stroke risk factors. 15 Even many individuals with adequate risk factor knowledge have diffi culty engaging in healthy behaviors to address stroke risk. [16] [17] [18] [19] [20] Exploration of associations between stroke knowledge and beliefs and subsequent riskrelated behavior change is in its early stages. Sullivan and Waugh 18 found that beliefs related to perceived stroke seriousness and severity were the most predictive of behavior change in a group of community-based stroke and transient ischemic Participants were eligible for inclusion if they met the following criteria: (1) were admitted to 1 of 2 recruiting metropolitan hospitals in Brisbane, Australia, with a confi rmed diagnosis of TIA or stroke; (2) were not living in a residential care facility before admission and were not expected to be transferred to one after discharge; (3) had adequate spoken English, cognition, communication, and corrected vision and hearing to complete the outcome measures; and (4) could be contacted by telephone within Australia after discharge. Members of the treating interdisciplinary team assisted in identifying eligible patients. For example, the treating speech pathologist advised on the patients' communication ability, and the treating doctor or occupational therapist advised on the patients' cognitive ability.
Procedure
Ethical approval for this study was obtained from relevant university and hospital ethics committees, and the study was registered with the Australian and New Zealand Clinical Trials Registry (ACTRN12608000469314). The Acute Stroke Team identifi ed potential participants, and informed consent was obtained by a member of the research team (S.E.). The randomization schedule was prepared using a computer-generated random numbers table, and concealed allocation was achieved by using sealed opaque envelopes that were prepared by a person not affi liated with the study. Patients were randomly assigned to groups over a 13-month period between 2008 and 2009. Approximately 1 week prior to discharge, a member of the research team completed a face-toface interview with each participant, during which the Rapid Estimate of Adult Literacy in Medicine (REALM), a reading recognition test, 29 and baseline outcome measures were administered. Demographic and clinical details were obtained from participants and their medical charts. The follow-up interviews were administered by a blinded assessor at approximately 3 months after discharge. Hospital staff members were not advised of the consent, withdrawal, or allocation of participants. attack (TIA) survivors. Lawrence et al 21 found that confusing or contradictory information and carers' beliefs and attitudes affected patients' beliefs and attitudes toward risk-related behavior change.
Models of behavior change can be used to inform interventions. The transtheoretical model of change (TTM) describes behavior change as a progression through a series of stages (precontemplation, contemplation, preparation, action, and maintenance), with progression from one stage to the next considered to increase the likelihood of successful behavior change. 22, 23 According to this model, an individual' s readiness to change (or "stage of change") a particular health behavior should be assessed and should guide the selection of interventions that aim to affect this behavior. 22 Although this model has been applied to numerous populations and health behaviors, 24 only a few studies have used this model to guide the development of interventions for patients with stroke. It has been used to inform an intervention for people who were at risk of stroke, 25 to design a counseling session and lifestyle class for outpatient clinic patients with TIA or mild stroke, 26 to assess readiness to change exercise behaviors in community-based patients with stroke, 27 and to assess the effects of an enhanced secondary prevention intervention in outpatients with TIA or mild stroke. 28 No studies have explored stroke inpatients' stage of change for health behaviors or investigated whether patients' stages of change shift after hospital discharge and, if so, whether the change differs among behaviors. The effect of a brief educational intervention on the stage of change of various risk-related behaviors has not been studied.
Method
This study was a multisite randomized controlled trial to identify the effect of a brief educational intervention on stroke patients' recall and recognition of risk factors and their self-reported performance of and stage of change for stroke risk-related behaviors in the 3-month period after discharge.
no/unsure) their risk factors from a prompt list of 13 risk factors, obtained from the National Stroke Foundation' s stroke checklist. 33 A maximum score of 13 was possible, with higher scores indicating better recognition of personally relevant risk factors. For each person, subgroup scores were also calculated for correct positives (those correctly identifi ed as being a risk factor for that person) and correct negatives (those correctly identifi ed as not a risk factor).
Stroke risk-related behaviors
Stroke risk-related behaviors were assessed by asking participants to identify, from a list of behaviors, which behaviors they were performing before the stroke occurred. At the follow-up interview, participants were asked to identify which behaviors they were currently performing. If patients required further clarifi cation of behaviors, examples were provided. 33 Targeted behaviors (drawn from the Australian Clinical Guidelines for Stroke Management 11 ) were cigarette smoking, consuming more than 2 standard alcoholic drinks per day, maintaining a healthy weight (as indicated by having a waist circumference of >94 cm for males and >80 cm for females), performing moderate activity for at least 30 minutes per day for most days of the week, having a healthy diet, taking medication as prescribed (for hypertension, high cholesterol, diabetes, and/ or atrial fi brillation), and having regular checks of blood pressure, cholesterol, and/or blood glucose if advised to do so by a health care professional. Items related to smoking, drinking alcohol, and waist circumference were negatively scored as performance of these behaviors was not ideal. Additionally, if a behavior was not relevant to the participant (eg, the item about taking diabetes medication for a patient who did not have diabetes), a point was automatically awarded. Higher scores indicated performance of more ideal behaviors, with a maximum score of 10.
Stage of change
Stage of change for each behavior was assessed by asking participants to select one statement, from a list of 5, describing how they felt about
Intervention
Participants in the intervention group received a brief educational intervention in addition to standard care. This intervention consisted of the provision of a previously evaluated and described computer-generated, tailored written information booklet (www.uq.edu.au/tru/strokebook), 30, 31 which has a readability level of grade 5 on the rate index (RIX) and grade 7 on the SMOG, 32 and oral reinforcement of this information by a health care professional (S.E.). This oral reinforcement was offered face to face up to 3 times before discharge and over the telephone up to 3 times in the 3 months after discharge. Participants could tailor the content of the booklet by selecting desired topics from a list of 34 topics, the desired level of information detail by selecting detailed or brief, and the oral sessions by nominating the topics to be discussed. In addition, participants were provided with a telephone number that they could call if they had any questions after discharge. Participants in the control group received usual stroke unit care (standard medical, nursing, and allied health assessment and treatment, which included the provision of unstructured informal oral education and advice from various members of the treating team). Structured stroke education or support groups were not offered at either site during the time of this study, nor were written materials routinely provided.
Outcome measures

Unprompted recall of risk factors
Unprompted recall of personal risk factors was assessed by asking participants, "Do you know of any medical or health reasons that may have caused or contributed to your stroke?" Unprompted general risk factor recall was assessed by asking, "In general, do you know of any [other] medical or health reasons that can cause or contribute to someone having a stroke?" Responses were recorded verbatim, and the number of correct responses was tallied.
Prompted recognition of risk factors
Prompted recognition of personal risk factors was assessed by asking participants to identify (yes/ contact time (face-to-face and telephone) was 59.1 minutes (SD, 40.0; range, . Table 3 shows the mean number of correct risk factors, both personally relevant and general, that participants provided in response to the unprompted recall question at both baseline and follow-up. Although there was an increase in the correct number of risk factors recalled, the difference between the groups at follow-up was not statistically signifi cant. Within-group analysis showed signifi cant improvement over time for recall of both personal (mean difference [MD], 0.3; 95% CI, 0.09-1.16; P = .05) and general risk factors (MD, 0.6; 95% CI, 0.004-0.69; P = .02) for both groups. Table 4 shows the mean total, as well as positive and negative subscores, of correct risk factors by prompted recognition at baseline and follow-up. It also shows the mean number of targeted behaviors reported as performed by participants at baseline and follow-up. There was a signifi cant decrease in total recognition scores from baseline to follow-up (MD, -0.8; 95% CI, 0.39-1.13; P < .01) for all participants. The improvement in self-reported performance of risk-related behaviors from baseline to follow-up was signifi cant for the whole group (MD, 0.8; 95% CI, 0.28-1.26; P < .01), but not between groups. Table 5 shows the proportion of participants in each group that were in the nonaction or action category for each risk-related behavior at both baseline and follow-up. There were no signifi cant differences between the groups at follow-up for any of the behaviors. Within-group analysis showed that signifi cantly more participants were reported to be in the action category at follow-up for the behaviors of maintaining a healthy diet (P < .01); maintaining a healthy weight range (P < .01); taking medications (P < 0.01); and having regular checks of blood pressure, cholesterol, and/ or blood glucose (P < .01).
Discussion
There were no signifi cant differences between the control and intervention groups for any of the outcomes. There are a number of possible explanations for this fi nding. The intervention that was provided in this study was brief. Its intensity and that behavior at the time the question was asked. Statements were obtained from the Family Focused Health Risk Assessment, 34 and each represented one of the stages of the TTM. For example, "I intend to try and start doing this behavior in the next 6 months" represented the contemplation stage. For each behavior, participants could also indicate that the behavior was not relevant to them.
Data analysis
Data were analyzed using Stata 11 (StataCorp LP, College Station, TX). Between-group differences were tested using independent t tests for unprompted risk factor recall and risk factor recognition and behavior and chi-square tests for stage of change. For within-group differences, paired t tests were performed on unprompted risk factor recall and risk factor recognition and behavior, and the McNemar test was performed for stage of change. For all analyses, a signifi cance level of P = .05 was set. For the purpose of analyzing the change in stage of change over time for each riskrelated behavior, stage of change was collapsed into the categories of nonaction (pre-contemplation, contemplation, or preparation) and action (action or maintenance stages). Data were analyzed using intention-to-treat analysis. A separate sample size calculation was not conducted for this study as it formed part of a larger trial, which also included carers and carer-specifi c outcome measures. This detail is reported in a separate publication.
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Results
Of the 77 randomly assigned patients, 37 were allocated to the control group and 40 to the intervention group. Follow-up data were obtained from 66 participants. Figure 1 shows the fl ow of participants through the study. Table 1 shows the baseline characteristics of participants, which were similar between the 2 groups. Some of participants in the intervention group chose not to receive all 6 offered contacts, with the majority of intervention participants receiving 4 or more contacts (see Table 2 ). The mean number of contacts was 1.3 (SD, 0.6; range, 1-3) before discharge and 2.5 (SD, 0.9; range, 0-3) after discharge, and the mean total • No telephone contact (n = 5)
• Admitted from residential care (n = 1)
• Going to residential care, poor prognosis or died while in hospital (n = 49)
• Communication not suitable for interview (n = 32)
• Cognition not suitable for interview (n = 35)
• English, hearing, or vision not suitable for interview (n = 9)
• Declined to participate (n = 44)
• Patients discharged prior to contact by researchers (n = 21)
Enrollment
Allocated to intervention (n = 40)
• Received allocated intervention (n = 40)
Allocated to control (n = 37)
• Received allocated intervention (n = 37)
Allocation
Follow-Up
Analysis Analyzed (n = 31) Analyzed (n = 35)
Lost to follow-up (n = 6)
• Admitted to residential care (n = 1)
• Withdrew (n = 2)
• Unable to be contacted (n = 3) Randomized (n = 77)
Lost to follow-up (n = 5)
• Cognition impaired too severe for interview follow-up (n = 1)
• Unable to be contacted (n = 4) Figure 1 . Flow of participants through the study.
duration may not have been suffi cient to promote a change in outcomes greater than the change achieved by usual care. Additionally, although hospital staff were not advised of the allocation of participants, they may have observed some participants receiving a face-to-face contact because the intervention was provided on the ward. This may have prompted an unintentional increase in their provision of information to all ward patients. Usual care typically involves patients being given some form of education, advice, and support (almost all in the form of oral communication) while in the hospital and after discharge. Because no comprehensive record of the secondary prevention information provided to patients as part of usual care could be kept, we do not know the extent to which participants were provided with risk factor and secondary prevention information as part of usual care. Furthermore, because our intervention was patient centered and the educational content was tailored according to each participant' s needs, the intervention that some participants received did not specifi cally focus on risk factor information or lifestyle behavior change strategies. The tailored nature of the study' s intervention may therefore have caused a dilution of any treatment effect specifi c to secondary prevention behaviors. Of note is the fi nding by Green et al 26 that an intervention focused only on lifestyle behaviors with stroke patients resulted in a signifi cant increase in stroke knowledge of personal and general risk factors. In a small 3-arm trial, people at risk of having a stroke were randomly assigned to a control group, a second group that received basic advice about their risk factors and the importance of reducing risk factors, or a third group that received a brief behavior change intervention tailored to stage of change. Subjects in all groups demonstrated an increase in knowledge of stroke symptoms and major risk factors. 25 Even though subjects in the third group had the greatest improvement in knowledge of newly initiated stroke riskreducing behaviors at the 3-month follow-up, this study illustrates that improvement in risk factor knowledge can occur in the absence of an intervention that specifi cally focuses on behavior change. Such improvement may occur as a result of the informal education that is provided as part of usual care and/or from information sources that patients and their family independently seek out. In this study, although there was signifi cant improvement in risk factor recall between the 2 time points, a low awareness of risk factors remained. Most participants were only able to recall between 1 and 3 risk factors at follow-up. This is of concern because poor awareness places individuals at risk for poor long-term outcomes and stroke recurrence. 13 at the 3-month follow-up when compared with a control group, but there were no signifi cant differences between the groups for risk-related behaviors. The authors of this study suggested that the period of the intervention may have been too short or that patients may have focused their attention on adapting to the biophysical effects of stroke rather than on lifestyle behavioral changes. 26 In contrast, a recent trial of an enhanced secondary prevention measure (consisting of further information and explanation about stroke and individual stroke risk factors, a motivational interview focused on intended behavior change, and development of a behavior change plan if appropriate) demonstrated signifi cantly improved self-reported exercise and fruit and vegetable consumption at 3 months. 28 For this study, participants in both groups demonstrated a signifi cant increase in recall Note: CG = control group; IG = intervention group; N/A = not applicable.
Between baseline and follow-up, there was a decrease in the recognition of risk factors. It is unclear why recognition decreased despite the improvement in recall. One possible explanation is the contribution of the negative subscore (ie, those risk factors correctly identifi ed as not being risk factors for that person). Another possible explanation is that the question may have been misinterpreted by some participants. For example, if a participant had hypertension but was taking medication at follow-up to control it, he or she may not have interpreted this risk factor as still being present.
There was a significant progression from a nonaction to action category for 4 of the 7 behaviors: healthy eating, maintaining a healthy weight, taking medication, and having regular medical checks. The sudden onset of stroke may cause patients to seek out preventative information to help them understand and regain control. 36 This, coupled with the encouragement to adopt healthy behaviors that is often provided from general practitioners and/or family and friends after discharge, may have been suffi cient to motivate participants to attempt to change these behaviors, at least in the short-term. The follow-up timeframe for the current study was 3 months, so participants' lifestyle behaviors in the longer term are unknown. Longer term observational studies have indicated that compliance with medication adherence declines 1 year 37 and 2 years 38 after stroke. Furthermore, the Stop Stroke intensive intervention described by Wolfe et al, 39 which aimed at reducing secondary stroke risk, resulted in no signifi cant differences for participants in the intervention group on the key outcomes of antihypertensive therapy, antiplatelet therapy treatment, or smoking cessation at 12 months.
In this study, there were no signifi cant changes in the stage of change category between baseline and follow-up for the behaviors of performing regular physical activity, reducing smoking, or reducing alcohol consumption. This is supported by a previous fi nding that 46% to 89% of persons with a history of stroke did not adopt these behaviors over the fi rst 2 years after stroke. 40 Additionally, although Hornnes, Larsen, and Boysen 37 found a signifi cant reduction in the proportion of patients with an overuse of alcohol, they found no change in the frequency of cigarette intake and a signifi cant increase in physical inactivity 12 months after stroke in the absence of any additional intervention. Physical impairments are the most common impairment after stroke, 41 and participants may have been unable to perform regular physical activity as a result of these impairments. Furthermore, many psychological and social factors can infl uence the uptake of physical activity. 42 This highlights the need for the inclusion of theoretical bases and psychosocial considerations in intervention design 42 as well as patient education about how to be active, despite physical impairments. The addictive nature of smoking and alcohol consumption may have contributed to the lack of change in these behaviors, along with the smaller number of participants who reported these behaviors as relevant. Alternatively, the complexity of these behavior changes may result in lower adherence rates. 43 There is limited research on whether patients with stroke are more likely to change certain risk-related behaviors than others. Research that explores whether particular behaviors are more likely to change, along with the barriers and facilitators of change from the stroke patients' perspective, would be valuable and may inform the development of interventions.
A strength of this study is its collection of readiness-to-change data for each risk-related behavior. However, generalization of our results may be limited beyond this sample. For example, patients were excluded if they had cognitive and/ or communication impairments that prevented them from participating in the interview. The small sample size of this study is another limitation, along with potential bias that can arise from participants' self-report of behavior and stage-of-change information. The lack of available stroke-specifi c stage-of-change outcome measures with established psychometric properties was also a limitation of this study, as acknowledged by other authors. 28 
Conclusion
This study revealed that free recall of risk factors and performance of risk-related behaviors improved over time for participants in both groups. Additionally, readiness to change risk-related behaviors varied between behaviors and according to time since stroke. The brief intervention evaluated did not provide any additional benefi t beyond that provided by usual care, and so the optimal method of increasing stroke patients' knowledge about risk factors and facilitating the adoption of behavior changes after stroke remains unknown. The variation in stage of change across behaviors should be considered by designers of future interventions for reducing stroke recurrence.
